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Abstract — The aim our work is  to create virtual humans  as  intelligent  entities,  which  includes  approximate  the maximum 
as possible  the virtual agent animation  to  the natural human behavior. In  order  to  accomplish  this  task,  our  agent must  be  
capable  to  interact with  the environment, interacting with objects and other agents. The virtual agent needs to act as real 
person, so he should be capable to extract semantic information from the geometric model of the world where he is inserted, 
based on his own perception, and he realizes his own decision. The movement of the individuals is representing by the 
combination of two approaches of movement which are, the social force model and the based-rule model.  These movements 
are influenced by a set of socio-psychological rules to give a more realistic result. 
Index Terms—Intelligent Agent, virtual crowd, cognitive map, social force, based-rule model 
——————————      —————————— 
1 INTRODUCTION
IRTUAL human simulations are becoming each 
time more popular, and many systems are availa-
ble targeting several domains, as autonomous 
agents, humans factors analysis, training, education, vir-
tual prototype simulation-based design, and entertain-
ment simulations with  autonomous virtual humans, or 
actors, may use different techniques for the behavioral 
programming. Most common approaches are based on 
scripts and hierarchical finite state machines, but many 
other techniques exist, as the parallel transitions network. 
Some constraints arise when we deal with crowds of vir-
tual actors different from the modeling of virtual individ-
uals; crowds are ubiquitous feature of everyday life. Hu-
man crowds are ubiquitous in the real word, making their 
simulation a necessity for realistic interactive environ-
ments, physically correct crowd models also have appli-
cations outside of computer graphics in psychology, 
transportation research, and architecture. 
People have long assembled collectively to observe, to 
celebrate, or to protest at various happenings. The collec-
tive assemblages or gatherings called crowds have been the 
object of scientific inquiry since the end of 19th century. 
With computers it becomes possible not only to observe 
human crowds in the real world, but also to simulate vari-
ous phenomena from the domain of collective behavior in 
the virtual environments. Collective behaviors have been 
studied and modeled with very different purposes. Besides 
single work concerned with generic crowd simulation, 
most approaches were application specific, focusing on 
different aspects of the crowd behavior. As a consequence 
they employ different modeling techniques ranging from 
those that do not distinguish individuals such as flow and 
network models, to those that represent each individual as 
being controlled by rules based on physical laws or beha-
vioral models. Applications include animation production 
systems used in entertainment industry, crowd behavior 
models used in training of military personnel or policemen, 
crowd motion simulations to support architectural design 
both for everyday use and for emergency evacuation con-
ditions, simulations of physical aspects of crowd dynamics 
and finally sociological and behavioral simulations. 
Within the framework of our work, we propose a mi-
croscopic model of simulation of a virtual crowd with high 
density in a dynamic and more complex environment. In 
order to navigate in a complex environment, we need to 
have an efficient abstract representation of the virtual envi-
ronment [4] where the agents can rapidly perform way-
finding. For this reason, we use two different approaches 
for represent our space, which are cell graphs and portal 
graph. These two approaches of  abstract representation 
can also be used to store  some  pre-computed  information  
about  the  environment  that  will  speed  up  the naviga-
tion and also be helpful  to achieve  fast perception  for  
local motion computation. This virtual environment is 
similar to our real world, filled with an important number 
of intelligent entities (e.g. virtual agents, autonomous 
agents, intelligent objects). The aim of our work is  to create 
virtual humans  as  intelligent  entities  in  these  space,  
which  includes  approximate  the maximum as possible  
the virtual agent animation  to  the natural human beha-
vior. In  order  to  accomplish  this  task,  our  agent must  
be  capable  to  interact with  the environment, interacting 
with objects and other agents. The virtual agent needs to 
act as real person, so he should be capable to extract se-
mantic information from the geometric model of the world 
where he is inserted, based on his own perception, and he 
realizes his own decision. The movement of the individuals 
is representing by the combination of two approaches of 
movement which are, the force social model and the rule-
based model.  These movements are influenced by a set of 
socio-psychological rules to give a more realistic result.   
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Computers power increase recently allowed to populate 
interactive virtual worlds [9] with numerous inhabitants 
[8]. Crowds are now common in movies and more and 
more in video games, especially in real-time strategy 
games. Simulation of real-time virtual crowds is still a 
difficult challenge given that available computation-time is 
mainly dedicated to rendering; a need for fast simulation 
techniques exists. The topic of modeling of pedestrian 
streams is not new and has been done for many years. The 
previous focus was on modeling pedestrian streams in 
urban environments. In these earlier studies, the aim was 
to determine the dimension of the parameters of walk-
ways. Later the scope was extended to the field of emer-
gency. In the 90’s the simulation of pedestrian streams was 
integrated in the simulation of intermodal transport facili-
ties. Nowadays, there exist quite a three different ap-
proaches for modeling pedestrian streams. 
1. Macroscopic simulation: Models of this category 
are field-based simulation models that only deal 
with densities and flux. The approach describes 
pedestrian flows with differential equations, and is 
based on the idea that the movement of pede-
strians can be handled analogous to fluids and 
gases. 
2. Microscopic simulations: these models consider 
the movement of pedestrians at the individual lev-
el [1]. They treat pedestrians as individuals and 
model the individual’s behavior with the expecta-
tion that dynamic crowd behaviors will emerge 
from the interactions between individuals and the 
environment.  
3. Mesoscopic simulation: Models of this approach 
are a mixture of macroscopic and microscopic 
models, simulating not individual entities but 
groups of similar entities, The idea of grouping 
individuals was transformed to  mesoscopic pede-
strian flow model. That means we do not model a 
single pedestrian but we use groups of pedestrians 
and every group has its own rules of behavior. The 
flow of a single pedestrian is integrated into a flow 
of pedestrian groups. This simplification is valid 
because one of the main interesting results from 
the simulation model is not the state of a single 
person but the number of persons in a particular 
area at time t. Figure 1 shows the classification of 
the mesoscopic approach in relation to the other 
approaches. 
In our work, we interest with microscopic approach, 
many microscopic simulations already exist, and one way 
to group them is to divide them into cellular automata 
models, behavioral force models, and rule-based models. 
The key difference between these techniques is the me-
thod in which the entity is represented, how the entity is 
controlled, and how it interacts with other entities. 
The social forces model [5, 6] calculates forces acting 
on agents to determine movement, with excessive forces 
leading to agent injuries. The model considers the effect 
that each agent has upon all the other agents, almost as if 
the model were a simulation of an n-body problem in 
astrophysics.  Physical forces (e.g. friction encountered 
when brushing  past  another  person,  or  elastic  force  
due  to  body  compressions)  are modeled,  as  are  social  
forces  (desire  to  change  direction  to  avoid  another).  
One problem with Helbing’s model is that of computa-
tional complexity. Simulation update is O(n2) due to the 
calculation of the effect  that each agent  (and obstacle) 
has on all the other agents. This may limit the model’s 
ability to simulate many agents. Braun et al [2] expand 
Helbing’s social force model. In their model, each pede-
strian is assigned a ‘family’ identifier and an ‘altruism’ 
level. These acts as forces in the model to tend to make 
some of the pedestrians form groups with others. 
Reynolds [15] described  a distributed behavior model  
for  simulating  flocks  of birds  formed by actors  en-
dowed  with  perception  skills.  In  fact,  the  birds  (or  
‘boids’)  maintain proper position and orientation within 
the flock by balancing  their desire to avoid collisions 
with neighbors, to match the velocity of neighbors and to 
move towards the  center of  the  flock. Reynolds’s work 
shows realistic animation of groups by applying simple 
local rules within the flock structure. Following this ap-
proach, Terzopoulos et al.  [20] presented the simulation 
of virtual fish groups,  where  each  fish  is  endowed  
with  perception  (artificial  vision), locomotion control 
(based on a mass-spring system used  to propel  the fish  
in  the water) and with behaviors (based on a group of 
parameters, such as hunger degree and predators fear).    
3 ARCHITECTURE OVERVIEW 
We have developed a realistic simulator of high-density 
crowds of autonomous virtual agents composing of an 
important number of pedestrians autonomous in recon-
structed large environments, demonstrating realistic hu-
man activity. In this context, a microscopic architecture has 
been proposed for handling high-density crowds of auto-
nomous agents moving in a natural manner in dynamically 
changing virtual environments filled with obstacles. 
 
 
 
 
 
Fig. 1. Relations of three approaches of modeling pedestrian 
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In this architecture (proposal), a virtual agent can be de-
fined as an autonomous entity in a virtual environment. It 
should not only look like, but also behave as a living organ-
ism in a synthetic 3D world, and be able to interact with 
the world and its inhabitants. The virtual agent must re-
ceive its environment through sensors or perception, it 
receives from the environment the list of entities (agents, 
obstacles…) that are in its field of view, so he should be 
capable to extract semantic information from the geometric 
model of the world where he is inserted, and based on his 
own perception, he decides its decision and acts as real 
people. The complexity of pedestrian behavior comes from 
the presence of collective behavioral patterns (as clustering, 
lanes and queues) evolving from the interactions among a 
large number of individuals. This empirical evidence leads 
to consider two different approaches: pedestrians as a flow 
and pedestrians as a set of individuals or agents.  
3.1 Model of environment 
In any location, and particularly in a city, virtual humans 
need to be aware of their environment in order for them to 
avoid any collision, know where their goals are, and how 
to reach them. Many different approaches have been de-
veloped to tag an environment with information. Our sys-
tem can handle two approaches of environment represen-
tation, grid and topological graph, by combining both pa-
radigms – grid-based and topological—the approach pre-
sented here gains the best of both worlds: accura-
cy/consistency and efficiency.  
1. Grid-based approach, represent environments by 
evenly spaced grids [18, 17]. Each grid cell may, 
for example, indicate the presence of an obstacle in 
the corresponding region of the environment. This 
approach must be fine enough to capture every 
important detail of the world [7, 19]. 
2. Topological approaches represent environments 
by graphs. Nodes in such graphs correspond to 
distinct situations, places, or landmarks (such as 
doorways) [19]. They are connected by arcs if there 
are direct paths between them. [18, 17]. Conse-
quently, they permit fast planning.  
 
The process of representation of the environment 
needs: 
1. Our system receives as an input an arbitrary build-
ing model in 3 dimensions and creates grid map. 
To build the grid graph, by cutting out the envi-
ronment a unit of cells, then; one encapsulates all 
information (static) necessary to the process of na-
vigation.   
2. Once we have the grid decomposition, we start an 
iterative conquering process starting from the top 
left corner cell that is empty. We assign a positive 
number to this cell that will represent the room ID 
in the cell and portal graph, and then this ID is 
propagated using a breadth-first traversal. The 
propagation of the cell ID continues until the en-
tire room is bounded by cells having either 0 (wall) 
or -1 (door) [10].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Once  all  the  cells  have  been  identified, we  
need  to  generate  the  cell  and  portal graph by  
joining  the  rooms  through  the doors. This is car-
ried out by traversing the grid representation from 
left to right, top to bottom, looking for doors. 
When a door is found, a portal is created that will 
join the two cells appearing at both sides of the 
door [11]. 
4. In the last step, points of attraction will be asso-
ciated at each door and at each painting.  In  order  
to  perform  global  navigation, we  also  need  to  
store  information  about paths within the building 
from each cell to each of the exits in the building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Our system architecture 
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Fig. 3. Model of environment 
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Each cell will contain one or more alternative 
paths to each exit [11].   
 
3.2 Model of agent 
Our simulation consists of high-density crowd of auto-
nomous virtual human agents existing in dynamic, com-
plex, virtual 3d environment. In order to behave in be-
lievable way these agents must act in accordance with 
their surrounding environment, be able to react to its 
changes, to the other agents and also to the actions of real 
humans interacting with the virtual world. Figure 4 gives 
overview of the agent model, this model of the agent 
follow the Sense-Decide-Act (SDA) cycle, where it can be 
broken up into subsystems, each one associated in turn 
with more specific routines. From the perception sub-
module, the individual perceive the environment accord-
ing to its position, personality and knowledge, and he 
obtains the environment information on a semicircular 
front region of the agent, it detects the positions, orienta-
tions and speeds of other agents, and obstacles. Moreo-
ver, the agent cans predicted future positions changes in 
speed and orientation of each character and of objects in 
the VE.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on information perceived, the internal state and 
the socio-psychological traits of the agent (current beha-
vior, panic, role, impatience…), the Decision sub-model 
calculates the orientation, the velocity and next position 
of the agent, finally the Motion sub-model execute and 
realize this decision. 
3.2.1 Perception 
Humans can perceive a field of view (FOV) from 120° to 
180°, the latter being the most common we can simulate 
human perception by having the virtual agents be only 
aware of those objects falling within a specified angle from 
their direction of movement (assuming the head is oriented 
in the same direction). This is calculated from the dot 
product between the direction of movement vector and the 
vector joining the current position with each object in the 
room. Since the dot product gives us the cosi that value is 
bigger than 0 it means the object falls within the agent’s 
FOV [21].  In figure 5, the agent perceives its environment; 
and determines which object exists in its zone of vision, 
wall, the obstacle and another agent J. 
3.2.2 Motion 
The main motivation for this model is the fact that differ-
ent people can react in different ways depending on their 
individual characteristics and on their psychological 
traits. Pedestrian movement shows the characteristics of a 
pedestrian compared to cars or other vehicles such as a 
bicycle, a pedestrian has more flexibility to move in two 
dimensions continue space, a pedestrian also has more 
flexibility to stop and go and a pedestrian also has the 
smallest velocity and the highest fluctuation in accelera-
tion and velocity compared to vehicles. In our system, 
which consists in simulating a dense human crowd, the 
local movements of agents are inspired by the combina-
tion of two approaches which are the approach based-
rules and the approach of social force. Reynolds [15, 16] 
described a distributed behavioral model for simulating 
flocks of birds formed by actors endowed with perception 
skills with many purposes. In fact, the birds (or boids) 
maintain proper position and orientation within the flock 
by balancing their desire to avoid collisions with neigh-
bors, to match the velocity of neighbors and to move 
toward the center of the flock. Reynolds work shows 
realistic animation of groups by applying simple local 
rules within the flock structure. This model gives results 
realize for a crowd with low density.  To mitigate the 
insufficiencies of the approach containing rules, we com-
bined this approach with the approach of social force 
inspired of the model of Helbing [5].  It is based on phys-
ics and the socio-psychological forces in order to describe 
the human behavior of crowd in situations of panic, this 
model can simulate a crowd with high density but does 
not give realistic results.  The displacement of the agents 
is modeled by a whole of social forces, and then Nuria 
[12, 13] hears this model by the incorporation of psycho-
logical and geometrical rules.   
Therefore the module of movement of our pedestrian 
consists in calculating the new position and the new for 
each agent by using a certain force of attraction and re-
pulsion, these forces make it possible the agent to show a 
broad variety of behaviors in an individual or collective 
way.   
1. Advance Force:   in the normal situation and in the 
absence of other pedestrians, the movement of a 
pedestrian should be directed from the current lo-
cation P(t) toward the destination point E(t), there 
should be a “advance force” that directs the pede-
strian to move, the advance force makes the pede-
strian path almost in a straight line. So the agent 
perceives the environment and if its zone of vision 
does not contain obstacles or pedestrians, then it 
advances easily towards its goal by using its stable 
speed.   
 
Fig.4. Model of agent 
A
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2. Acceleration Force:   this behavior is influenced by 
the existence of panic, in this case if the zone of vi-
sion of our agent is empty, contains neither ob-
stacles nor other virtual humans,   the agent aug-
ments its speed, and is directed towards the door 
by using a maximum speed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. The Occupant-attractive Force: because of the 
complex relationship among people, the cluster 
phenomena are observed, otherwise, people in 
danger tend to move towards the area with a large 
population, when the “follow” phenomena are of-
ten observed, which means occupants tend to fol-
low the movement of majority. In the model, the 
occupant-attractive force is considered between 
some specified occupants when they are sufficient-
ly far from each other (the distance between any 
two of them is no less than r1, and occupants may 
choose the same moving direction as most people 
have been taken around him (within a distance r2). 
4. The Goal-attractive Force: In normal situation, pe-
destrians are sometimes attracted by window dis-
plays, sights, special performances (street artists), 
or unusual events at specified places (in certain 
area), otherwise, in the process of evacuation, oc-
cupants are attracted by the doors (in our model, 
the doors are marked by points of attractions). 
Both situations can be modeled by (often tempo-
rally decaying) attractive forces, in a similar way 
like effects repulsive, but with an opposite sign 
and a longer range of the interactions, it is general-
ly assigned according to exits' quite selected in the 
building.  The magnitude of attraction force is in-
fluenced by the type of situation (panic or normal), 
and the distance between the agent and the door 
(point of attraction), if this distance is short, the 
force is large.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. The Occupant-Repulsive Force: This repelling 
power works to avoid the collision between the 
pedestrians.  To avoid the collision, it is supposed 
that each pedestrian has a ray of influence which 
represents its conscience of safety.  The force is 
produced when the rays of influences of pede-
strians overlap  
6. The Obstacle-Repulsive Force: The response of col-
lision, which is ensured by the repulsive forces, 
against the obstacles and the walls applies when 
the personal space of an agent covers with their 
zones.  The covering of wall occurs when the dis-
tance between the center of the agent and the cen-
ter of the wall is smaller than the personal space of 
the agent.   
4 RESULTS AND PERFORMANCES 
We have chosen the museum like an example of applica-
tion of our system, the museum is regarded as a closed 
environment that its structure topology is represented by 
a unit of room of different size, connected between them 
by doors and passageways.  Each room is generally  to 
contain obstacles distributed on its surface, and it is deco-
rated  by a unit with the images suspended on the walls 
and by trimmings  positioned in various localizations, in 
this environment our virtual  agents, the normal situation, 
can move and see a number preset of the  images and the 
trimmings which decorate the museum, but if the  situa-
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tion changes, i.e. an alarm announces the event of panic, 
all the  human virtual ones try to find the best way to 
leave the environment.    Generally the pedestrian move-
ments are influenced by a set of psychological and socio-
logical rules which play a role of balancing of rationality 
in the behavior and the decision-making that we use to 
illustrate a broad more realistic variety of behaviors. Sev-
eral situations have been studied to present the influence 
of socio-psychological rules in the realism of the beha-
viors human; we can resume the following situations:   
1. The behavior of avoidance of collision and the 
avoidance of obstacles, these two behaviors are af-
fected by the type of situation (normal and of pan-
ic), the personal space of the agent (broad, aver-
age, and narrow), and finally the level of patience 
of agent (patient and impatient).   
2. Attractions forces, the agent are guided by three 
gravitational attractions which are Attraction force 
towards a point of attraction representing an un-
der-goal (painting), Attraction force towards an 
exit (door), Attraction force towards another indi-
vidual. This force is influenced by the distance be-
tween the individual and the goal (painting, doors 
or another agent), the distance which must respect 
between the agent and its goal, the situation (nor-
mal or of panic), knowledge of pedestrian (com-
plete or partial), and the role of pedestrian (guide, 
or follower).        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) The avoidance of normal collision in case, such as personal space is 
narrow, and the impatient agent.  
The agent changes its direction 
to avoid the collision
L’espace 
personnel 
The agent advances in its new direction, the change is rather fine 
since personal space is narrow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) The avoidance of collision, such as personal space is average, and 
the impatient agent, the collision is treated with a broad distance (2 
meter). 
Personnel Space 
Change of direction to avoid the collision  
 
Advance in the new direction  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) The avoidance of collision, such as personal space is 
narrow, and the patient agent, the collision is treated with a 
short distance (1 meter).   
Fig. 8. The behavior of avoidance of collision influenced by 
socio-psychological state 
 
A patient agent detects the collision, but it advances 
does not avoid it  
 
The patient agent changes its direction at a short distance, and it 
advances in its new direction 
Personnel Space 
JOURNAL OF COMPUTING, VOLUME 2, ISSUE 4, APRIL 2010, ISSN 2151-9617 
HTTPS://SITES.GOOGLE.COM/SITE/JOURNALOFCOMPUTING/ 54
 
5 CONCLUSION 
We have proposed a microscopic model of simulation of a 
crowd with high density of human vrtuels in a dynamic 
environment.  We started with the description of an envi-
ronment of simulation, not only from point of view topo-
graphic, but also from the semantic aspect. For this, we 
used the two approaches of representation of the envi-
ronment knowing, the graph of grid and the topological 
graph.   
The originality of our work is the introduction of a 
number of socio-psychological rules influencing the be-
havior of crowd.  The integration of these rules in our 
model and the combination of the approach based rules 
and the approach of social force have conducted to realis-
tic simulations.   
Our system gives acceptable results, but optimizations 
and a whole of prospect remain to be supplemented like: 
1. The addition of a cognitive layer in the human be-
haviors, the training in its process of navigation 
and the reasoning.   
2. To integrate a responsible module to produce 
movements realistic, like walk, to run it, etc....  
3. One can also introduce the concept of group and 
the behaviors collective, the agents that are very 
close can build groups and these groups are stu-
died like only one entity, to minimize the compu-
ting time.   
 
 
REFERENCES 
[1] V.J. Blue and J.L. Adler, “Cellular automata microsimulation of bi-
directional pedestrian flows”, Transportation Research Record, Journal 
of the Transportation Research Board, pp. 135—14, 2000.  
[2] A. Braun, S.R. Musse, L.P.L de Oliveira, and B.E.J. Bodmann, “Model-
ing individual behaviors in crowd simulation.”, CASA2003, 16th Inter-
national Conference on Computer Animation and Social Agents., 
Rutgers University, New Brunswick, New Jersey, USA, pp. 143–148. 
Mai 2003. 
[3] S. Bandi and D. Thalmann, “Space Discretization for Efficient Human 
Navigation”, Computer Graphics Forum, 17(3), pp. 195-206, 1998.  
[4] N. Farenc., R. Boulic and D. Thalman, “An informed environment 
dedicated to the simulation of virtual humans in urban contex”, In Pro-
ceedings of EUROGRAPHICS1999, Annual Conference Series, pp 309-
318, 1999. 
[5] D. Helbing, I. Farkas and T. Vicsek, “Simulating dynamical features of 
escape panic”. Nature, 407(1), pp 487–490, 2000. 
[6] D. Helbing, I. Farkas, P. Molnar and T. Vicsek, “Simulating of Pede-
strian Crowds in Normal and Evacuation Situations”, 
M.Schreckenberg, S.D. Sharma (ed.) Pedestrian and Evacuation Dy-
namics. Springer Verlag Berlin and Heidelberg, pp 21-58, 2001. 
[7] J.J. Kuffner, “Goal-directed navigation for animated characters using 
real-time path planning and control”. Lecture Notes in Computer 
Science, 1537, pp 171–179, 1998. 
[8] F. Lamarche, and S. Donikian, “Crowd of Virtual Humans: a New 
Approach for Real Time Navigation in Complex and Structured Envi-
ronments”, Computer Graphics Forum 23(3): pp 509-518, 2004. 
[9] S.R. Musse and D. Thalmann, “Hierarchical Model for Real Time 
Simulation of Virtual Human Crowds”, IEEE Transactions on Visuali-
sation and Computer Graphics, vol. 7, n.2, pp 152-164. April-June, 2001. 
[10] S. Paris,, “ Caractérisation des niveaux de services et modélisation des 
circulations de personnes dans les lieux d’échanges” , PhD disserta-
tion, Dept. of,  Rennes I Univ., 10 octobre 2007. 
[11] N. Pelechano, “Modeling Realistic High Density Autonomous Agent 
Crowd Movement: Social Forces, Communication, Roles And Psycho-
logical Influences”, PhD dissertation, Dept. of, Pennsylvania Univ., 
2006.  
[12] N. Pelechano, K.  O'Brien, B. Silverman, and N. Badler, “Crowd simula-
tion incorporating agent psychological models, roles and communica-
tion”. First Int. Workshop on Crowd Simulation, pp 21-30, 2005. 
[13] N. Pelechano, K. O'Brien, B. Silverman, and N. Badler, “Controlling 
Individual Agents in High-Density Crowd Simulation”. University of 
Pennsylvania, Eurographics/ACM SIGGRAPH Symposium on com-
puter Animation, 2006. 
[14] S. Paris, J. Pettré, and S. Donikian, “Pedestrian Reactive Navigation for 
Crowd Simulation: a Predictive Approach”, EUROGRAPHICS 2007 / 
D. Cohen-Or and P. Slavík, 2007. 
[15] C.W. Reynolds, “Flocks, herds and schools: a distributed behavioural 
model”, SIGGRAPH’87, Vol. 21(4) of Computer Graphics, ACM Press, 
Anaheim (USA), pp 25-34 1987. 
[16] C.W. Reynolds, “Steering Behaviors For Autonomous Characters”, 
GDC 99. A. Yu (Ed.) Miller Freeman, San Fransisco, Pp 763-782 1999. 
[17] W. Shao, “Animating Autonomous Pedestrians”, PhD dissertation, 
Dept. of, New York Univ.  2006. 
[18] W. Shao and D. Terzopoulos, “Environmental modeling for autonom-
ous virtual pedestrians”. 2005 SAE Symposium on Digital Human 
Modeling for Design and Engineering, 2005. 
[19] S. Thrun and A. Bücken, “Integrating grid-based and topological maps 
for mobile robot navigation”. Proc. of the AAAI Thirteenth National 
Conference on Artificial Intelligence, pp 944–951. AAAI Press / MIT 
Press, 1996. 
[20] X. Tu and D. Terzopoulos, “Artificial Fishes: physics, locomotion, 
perception, behavior”, SIGGRAPH 94 Conference Proceedings, pp 43-
50, Orlando, FL, USA, 1994. 
[21] M. Villamil, S. Musse, and L. Luna, “A model for Generating and 
Animating Groups of Virtual Agents”, IVA, Kloster-Irsee, Allmend, 
2003. 
 
Dr. Cherif Foudil.  is currently working as an Associate Professor 
of computer science at Computer Science Department, Biskra Uni-
versity, Algeria. Dr. Cherif holds PhD degree in computer science. 
The topic of his doctoral dissertation was Behavioral Animation: 
simulation of a crowd of virtual humans. He also possesses B. Sc. 
(engineer) in computer science from Constantine University 1985, M. 
Sc. in computer science from Bristol University, UK 1989. He is 
currently the head of “animation and artificial life” team in LESIA 
laboratory. His current research interest is in artificial intelligence, 
artificial life, crowd simulation, behavioural animation 
 
Chighoub Rabiaa. A Phd candidate in computer science, her cur-
rent research interest is crowd simulation. 
 
 
© 2010 Journal of Computing
http://sites.google.com/site/journalofcomputing/ 
